I. INTRODUCTION
The well-known mathematician E. T. Whittaker wrote the Obituary of H.M. Macdonald, published in Nature in 1935 1 . He described Macdonald's life and contributions to physical topics, but his comment on a mathematical contribution is of paramount interest here:
In the paper on the zeros of Bessel functions [ 2 ] , he gave the result since known as Macdonald's Theorem, that the number of zeros of a function f (z) in the region bounded by a contour at each point of which |f (z)| =a constant, exceeds the number of zeros of the derived function f (z) in the same region by unity, the function f (z) being supposed analytic in the region.
In the form described by Whittaker, one would imagine that Macdonald's Theorem would be well cited, and would have found a range of uses in numerics and analytics. However, this is not the case, and the Theorem appears to be no longer at all well known.
One reason for this may be that, if one reads the source paper 2 , one does not find the Theorem stated in the generality of Whittaker's enunciation. In fact, Macdonald's treatment is not at all general, but is couched entirely in terms of the eponymous function K n (z) and its derivative. Hence, there is an interest in reconstructing the Theorem in the generality of Whittaker's description, in the hope that it may find wider contemporary interest and application. This reconstruction will be found in the next section, and numerical examples with program details will be given in Section 3, which may be useful in pedagogy. Consider next the case N z = 2, for which there are zeros z 1 and z 2 lying inside the region.
Construct equimodular lines centred on z 1 and z 2 . As the specified modulus increases, there must be a value C 2 at which the curves first touch, at some point intermediate between 
III. NUMERICAL EXAMPLES
Numerical examples illustrating the argument of Section 2 may be constructed easily in Mathematica, or other systems combining graphics and analytics. The Mathematica code given below constructs Nzin complex numbers, by choosing random real modulii and arguments for each, and uses these to construct the function giving the value of f (z) at The text at the top of Fig.1 gives Mathematica commands for constructing contour plots for the case of two zeros. The contours comprise a set generated by a list, and three others which are chosen interactively. This should be done with a given set of complex points, so that the interactive contours can be adjusted for a given case. The aim is to choose the interactive contours to illustrate the behaviour near double points. For the case shown, the double point corresponds to a logarithmic modulus between -2.39 and -2.415.
Examples are also given in Figs. 2-4 of three, four and five zeros randomly chosen. As the number of random zeros increases, the function modulii of interest tend to decrease, which should be reflected in the range of fixed contours and the adjustment range of the interactive contours. The number of interactive contours also naturally needs to increase.
It is interesting that the examples in Figs. 2-4 show a clear break up into the clusters of m − 1 zeros and 1 zero utilised in the proof of Section 2.
